recovery of reduced carbon, flows of nitrogen and carbon are further intertwined at the conversions of glycolate, gly~ oxylate, glyc , glutamate 1 serine, and hydroxypyruvate.
~rhe glycolate pathway of photorespiration operates between the chloroplasts, peroxisomes, mitochondria, and cytoplasm.
Thus, various specific transport mechanisms are involved, and a careful ion of these transport mechanisms is required.
There is so the question of biosynthetic capabilities of the various organelles and compartments in green cells.
For example, which keto acid skeletons can the chloroplast make for itself from co 2 for amino acid synthesis, and which must be imported?
These issues are being addressed by papers that precede follow this one, so that considerable overlap 1 expected. At the same time, the range of issues is so broad that it is doubtful that nne person could hope to de~l adeguotcly with them all. This discussion will be limited, ·therefore, to three issues under which investigators in our laboratory can provide some information.
These issues are first 1 the keto acid and amino acid biosyn~ thetic capabilities of the chloroplast; second, the hidirectionality of the glycine-serine interconversion asso~ ciated with photorespiration or its absence; and third, the complex issue of the regulation of carbon flow from photo~ synthesis to biosynthes of starch and sucrose as compared with synthesis of amino acids in the photosynthetic cell.
In particular, we will discuss the profound regulatory effects of the addition of low levels of ammonium ion to cell media. These were seen first with Chlorella pyrenoi-~, and then with spinach leaf discs, poppy cells and now with isolated spinach leaf cells.
CHLOROPLAST SYNTHESIS OF KETO ACIDS AND AMINO ACIDS
The pathway of nitrogen assimilation in plants and especially in chloroplasts, has been reviewed recently by Lea and Miflin (1) , who in 1974 first discovered the key enzyme in glutamate synthesis in chloroplasts (2) . This enzyme, glu- proposed that there is a photorespiratory nitrogen cycle required to recapt un~ the arnmon ia 1 i be r c: r-'"'C: by thE: convc'r~ slon of two glycine molecules to one ~.~c·r i.ne molecule in that part of the glycolate pathway which occurs in the mitochondria. The ammonia is recaptured by conversion of glutamate to glutamine with ATP in the glutamine synthetase reaction.
Keys et al. believe that this ammonia incorporation occurs in the cytoplasm since it would be there that ammonia first encounters glutamine synthetase activity. The glutamate for glutamine synthesis is formed by the action of GOGAT in the chloroplast (Fig. l) . The other glutamate formed by the GOGAT reaction is utilized in the peroxisome to provide an amino group for transamination of glyoxylate to glycine, releasing oxoglutarate in the process which is then recycled to the chloroplasts for the GOGAT reaction. Table 1 ). Whether these low amounts of biosynthesis from l 4 co 2 of common amino acids by isolated chloroplasts represent loroplastic synthesis or synthesis due to contamination cannot be said from these experiments, but there is other evidence in the literature to suggest that small amounts of these amino acids can in fact be synthesized by chl asts (8).
In contrast to these small amounts are the atively large amounts of valine and phenylalanine found with the crude preparations of chloroplasts. As ready mentioned, phenylalanine may be labeled by synthesis via the shikimic acid pathway which occurs in chloroplasts.
The synthes almost the entire cellular requirement valine by isolated chloroplasts (Table 1) , and in this case there was again a lag at the beginning of the fixation period. Thus the effect of co 2 pressure is on the long-term rate of photosynthesis whereas the effect of oxygen pressue appears mainly in the time required to achieve the full rate of steady-state photosynthesis.
In parallel with each of the experiments shown in Fig.   2 , duplicate flasks contained spinach cells to which up to 3.8 mM glycine hydroxamate had been added. In all cases the cells were killed and analyzed for levels of amino acids and other metabolites by two-dimensional paper chromatography following a preliminary ion exchange separation of neutral, acidic, and basic amino acids from other components. As expected ( In this case, where we would expect glycine to be formed from serine, it appears that glycine hydroxamate inhibits serine to glyc e conversion.
Not all steps in the serine-ine intcrconversions are truly reversible, but it appears that some key stE>p in both din:ctions is inhibited gl yc inc h~zid n•xama l:.c. (Fig. 1) , addition of glycine hydroxamate ased the level of glycine by about 60%
suggesting that in these cases, the net flow of carbon was from glycine to serine. The changes in serine induced by the inhibitor are more complex (Table 3) . Under conditions of low photorespi~ ration, the level of serine was unchanged. Under all of the other three conditions, the level of serine was increased significantly. The explanation for this lies in the fact that the glycine hydroxamate, in blocking the flow of carbon from glyc to serine, also blocks the release of ammonia. late plus new glyoxylate coming from photorespiration uses up more glutamic acid to make more glycine and oxoglutaric acid so t the net result is the conversion of amino groups from glutamate to the pools of serine and glycine.
As a consequence of the decreased glutamate pool 1 consider~ ably less fixation of carbon is seen in amino acids other glycine and serine. Conditions were the same as described for Table 2 .
Apparently, the pathway from PGA to glycerate to hydroxypyruvate can supply carbon to serine under these conditions when the flow of carbon from glycine to serine is blocked. The level of glycerate was highest in the photorespiratory condition ( Conditions were the same as described for (Table 5 ).
The presence of ammonia during photosynthesis by these isolated spinach cells has profound effects on the pool sizes and specific activity of various amino acids (Table   6 ). However, detailed analysis of 14 c incorporation into individual amino acids showed that the ammonia effect is highly specific. Analysis of these effects in the light of present understanding of pathways of amino acid biosynthesis provides a better insight into the mode of action of ammonia, and the flow n rogen to the various amino acids.
Glut labeling increases 21-fold cells >created th ammonia, while glutamate labeling decreases 30%, and at the same time a 5-fold increase in glutamine pool size and a 40% reduction in glutamate pool size ( Table   6 ). 90  100  90  Serine  90  90  100  Phenylalanine  80  80   llO   Tyrosine  100  100  100  Threonine  100  230  50  Isoleucine  120  220  60  Proline  50  y-Aminobutyrate  50 Conditions were as described for Table 5 . Amino acids were separated by cation exchange chromatography followed by two-dimensional paper chromatography, radioautography and scintillation counting to determine 14 c incorporation, Portions of the samples were reacted with tritiated dansyl chloride after ion exchange chromatography, and the resulting derivatives were separated by polyamide thin-layer chromatography, 'I'ritium;14c ratios were then determined to obtain specific 14c radioactivity after which pool sizes wore calculated from total 1 4 c content and specific radioactivity. Detailed procedure to be published.
With all this evidence for a general shi in metabolism caused by external addition of ammonia, the next problem is to determine the mechanisms. 
